nematode in a process called IJ recovery. The nematode feeds on the bacterial biomass and 1 nematode growth and development has an obligate requirement for the presence of a high 2 density of Photorhabdus bacteria. The adult hermaphrodite lays eggs that hatch and develop 3 through 4 juvenile stages into adult nematodes. Nematode reproduction continues for 2-3 4 generations until conditions within the insect cadaver deteriorate to such an extent (due to an 5 increasing nematode population and the decreased availability of bacteria as food) that the 6 developing generation of juvenile nematodes are stimulated to enter diapause and form IJs 7 that eventually emerge from the insect cadaver into the soil in search of new hosts.
8
Remarkably a single IJ entering an insect larvae will result in the production of >100,000 IJs 9 over a time scale of 2-3 weeks. This extremely efficient symbiosis not only provides a 10 fascinating model system for studying bacteria-host interactions (Box 1), but also has 11 previously led to the development of the Photorhabdus-Heterorhabditis complex as a 12 commercial biopesticide (e.g. [11] ).
14

Transmission of Photorhabdus
15
The gut of each IJ is initially colonized by 1-2 bacterial cells that replicate to produce a 16 mature bacterial population of approximately 100 cfu (colony forming units) per IJ [12] .
17
Colonization (or transmission) is a complex process and it was originally assumed that the IJs 18 would be colonized horizontally by bacteria coming directly from the insect cadaver.
19
However it now appears that transmission to the IJ is dependent on the bacteria first infecting 20 the adult hermaphrodite [12] . Whilst the nematodes are feeding on Photorhabdus, some 21 bacteria escape crushing by the pharynx (this is suggested to be an adaptation by
22
Heterorhabditis to the symbiosis) and these bacteria enter the gut of the hermaphrodite where 23 they invade specific cells called rectal gland cells (Figure 2 ). The bacteria replicate in these 24 cells before colonizing the IJ nematode that also develops within the adult hermaphrodite, in 25 a process called endotokia matricida [12] . Recent genetic data has identified several bacterial 1 genes that are involved in the transmission process [13, 14] . Many of these genes are 2 predicted to be involved in lipopolysaccharide (LPS) biogenesis (e.g. galE and galU) 3 implicating an important role for the bacterial surface in colonization of the IJ. Interestingly, 4 mutations in these genes also affect virulence against insect larvae suggesting a significant 5 genetic overlap in the requirements for colonization of the nematode (i.e. transmission) and 6 colonization of the insect (i.e. virulence) [13, 14] . inhibition has not been identified, however.
10
These results indicate a complex pattern of manipulation of phenoloxidase-based host 11 defenses by the pathogen, implying that such defenses are likely important in protecting the 12 insect host.
14
Photorhabdus destruction of the Manduca gut
15
Probably the major group of toxins responsible for activity against the insect gut is the Tcs.
16
The mature native toxin complex produced by Photorhabdus is a high molecular weight gut 17 active toxin that is lethal to four orders of insects (Lepidoptera, Coleoptera, Hymenoptera and this host switch is therefore a key area of current research.
11
Concluding remarks and future perspectives 12
We have reviewed recent advances in the study of the insect pathogen Photorhabdus and its
13
interaction with the immune system. The most striking conclusion is that originally
14
Photorhabdus was assumed to only interact with the immune system of its insect host but 12 luminescens subsp. akhurstii subsp. nov., P. luminescens subsp. laumondii subsp.
13
nov., P. temperata sp. nov., P. temperata subsp. temperata subsp. nov. and P. Photorhabdus vector, Heterorhabditis nematodes, are of growing interest as potential models for human parasitic nematodes and as biocontrol agents for insect pests and disease vectors. They also offer useful features as model organisms, including small size, short generation time, hermaphroditism, and in vitro culturing, and they are closely related to Caenorhabditis elegans and some mammalian parasitic nematodes. 
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